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Abstract 
Laser formation of a protective zinc oxide layer on a surface of products from copper alloys is present. This layer is formed with 
using of carbon nanotubes. Destructions of the basic material are avoided or minimized at laser nanostructuring of product 
surfaces. Such laser processing can be made repeatedly. Offered covering have self-clearing and water-repellent properties.  
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1. Introduction 
One of lacks of products from copper and its alloys is low corrosion stability of their surface. Speed of 
destruction of a material depends from presence and quantity of active substances and water on a material surface. 
Particles of organic substances are besieged on a surface of products from atmosphere. This pollution prevents to 
removal of water or other liquids from a material surface. The layer of the aggressive medium can be formed on a 
surface of a product as a result. This active medium constantly destroys a material. 
Usually the forming of thick layers of special materials is applied for protection of material against corrosion. 
These materials are steady against corrosion. Other method is based on introduction special additives to the basic 
material. Application so-called “self-cleared” coverings is perspective in a case when such methods are inadmissible 
or nonfunctionally. Such coverings can be generated from oxide metals (zinc, titan and others). It is known that 
these materials have ability to photo catalysis [1]. 
Photo catalysis is a generation of electron-hole pairs at the influence of optical radiation. Electron-hole pairs 
generate the free radicals. Free radicals are capable to initiate secondary reactions. Organic substances can be decay 
to water and carbonic gas during these reactions. 
Traditional methods the following: 
• Sole-gel a method; 
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• Hydrothermal synthesis; 
• Microemulsion method; 
• Plasma chemical synthesis of metal oxides. 
Common fault of these methods is processing the material but not the products. Laser formation of nanostructures 
of demanded materials on a product surface is more preferable method [2, 3]. Laser nanostructuring of the product 
surfaces allows to avoid or to minimize the destructions of the basic material. 
Oxide of zinc is one of most perspective material for creation of protective layers on surface of products from 
copper alloys. Zinc is present in many copper alloys. Temperature of its fusion is essential low than temperature of 
fusion of other components of copper alloys. Thus the material of a product and air become sources of elements for 
forming of a covering. 
2. Experimental results 
The target from brass LS59-2 was used at experimental researches. Structure of that material is following: copper 
– 57.0-59.0 %, lead – 1.5-2.5 %, iron –  0.4 %, tin – 0.3 %, nickel –  0.4 %, aluminium – 0.1 %, zinc –  37.1 %, 
other elements up to 0.2 % (state standard ʋ 15527-2004). Thus the quantity of zinc in a material is great enough 
for formation of layer of its oxide. Action of laser radiation on a brass was carried out in the presence of carbon 
nanotubes. 
The given experiments have been initiated by results of works on reception of composite materials on the basis of 
copper alloys with addition carbon nanotubes. These works have been carried out in the manufacture centre of 
nanomaterials of the Vladimir State University. Formations and growth of crystals from zinc oxide on an alloy 
surface was registered at heating of a brass up to temperature of its melting in the presence of carbon nanotubes. 
Temperature of heating was below a threshold of destruction of carbon nanotubes (T=1273 K). Such approach is 
true at obtaining of composite materials on the basis of copper but cannot be used at obtaining of coverings of 
finished products. 
Experimental researches of laser formation of structures of zinc oxide on a surface of products from copper alloys 
have been carried out on chair “Physics and the applied mathematics” of the Vladimir State University. The pulse 
Q-switched ytterbium fiber laser has been used for processing of samples from copper alloys. This laser generates 
the radiation with wavelength 1.06 micron, average power of radiation of 3 W, pulse duration 100 ns and pulse 
energy 0.5 mJ. Laser radiation was focused on a target surface in a spot with diameter 30 microns. The surface of 
samples was covered by layer of multiwall carbon nanotubes. Nanotubes are obtained by means of the reactor of 
synthesis of carbon nanomaterial “Taunit” in semicontinuous regime of action. Image of nanotubes was obtained by  
means of scanning electronic microscope FEI Quanta 3D 200 (SEM image) and is shown on a Fig. 1.  
 
 
 
Fig. 1. SEM image of nanotubes which are produced in the reactor of synthesis carbon nanomaterial “Taunit” 
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Carbon nanomaterial “Taunit” is the one-dimensional nanoscale structures of polycrystalline graphite in the form 
of a loose powder of black colour. Granules of carbon nanomaterial have the structure of the confused bunches of 
multiwall tubes. Average diameter of carbon nanotubes is 50 nanometers. The length of carbon nanotubes is order 1-
10 microns. Carbon nanotubes were put on a surface of the sample by a thin layer without keeping of a certain 
thickness of a layer. It is necessary to notice that carbon nanomaterial is not changed during experiment and could 
be collected for new use after processing of samples. 
Parameters of laser action provided insignificant melting of a surface of brass target. The zinc fraction of basic 
material has lower temperature of fusing. Evaporation of zinc has been as a result provided. Zinc steams enter to 
chemical reaction with atmospheric oxygen at the raised temperature. Thus conditions for formation of zinc oxide 
have been provided. 
Research of results of processing of a surface of brass samples by laser radiation has been carried out by means 
of scanning electronic microscope. The mass formation of crystals of zinc oxide has been registered at the analysis 
of the processed surface (Fig. 2). Crystals have various structures. Basically the formed layer of zinc oxide has 
structure of the mixed threads and cores of micron and submicron scale (Fig. 2ɚ). 
In general mass of a zinc oxide the crystals having the form druse (Fig. 2ɛ) are registered. The average size of 
druses of a zinc oxide is 1 – 2 micrometers. Average diameter of beams of druse is 200 nanometers. The length of 
beams of druse is up to 2 microns. Quantity of beams of druse is 5 or 6. Such character of druse growth is defined by 
crystallization in direction of orthogonal or diagonal axes of a crystal grating of a zinc oxide.  
 
  
   a       b 
Fig. 2. SEM images of crystals of a zinc oxide on a surface of the brass sample: (a) complex structure of a zinc oxide; (b) druses of a zinc oxide 
 
Qualitative dispersive X-ray analysis has been carried out (Fig. 3) for exact definition of elementary structure of a 
druses which are formed on surface of the sample. This analysis has been carried out by means of system EDAX 
which is a part of scanning electronic microscope FEI Quanta 3D 200. Results of the X-ray microanalysis have 
confirmed that structures on a surface of the sample are really crystals of a zinc oxide. 
Thus the layer of a zinc oxide is formed on a surface of the brass sample. Complex structure of threads and cores 
provides essential increase of active surface and efficiency of photo catalytical action. Formation of a layer of 
structures in a kind of druse is preferable. So-called “effect of a lotus” is added to photo catalytical destruction of 
active pollution in this case. Thin beams and pivots of structures disturb to penetration of drops of water to the basic 
material. Water moves along the their ends and leaves the surface to the free space. As a result active solution 
cannot react with the basic material and cause its destruction. 
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Fig. 3. Results of the X-ray microanalysis of structures which are formed on a surface of the brass sample after its processing by laser radiation 
3. Conclusion 
Thus possibility of laser formation of a protective layer on a surface of products has been shown in presented 
work. Such laser superficial processing does not bring changes in the basic material of a product and can is made 
repeatedly. Formed oxide layer can provide continuous natural destruction of organic pollution and protect from 
formation of aggressive substance on a material surface. 
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